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Introduction
The Mediterranean basin is one of the major plant diversity hotspots and among the richest in endemism over the world (Médail & Quézel 1999 , Myers et al. 2000 . In Europe, 80% of all endemic plants are Mediterranean species (Blondel & Aronson 1995 , Fady-Welterlen 2005 , and Mediterranean forests are exceptionally rich in endemics: 201 of the 290 woody species and subspecies (shrubs and trees) in Europe are found exclusively or preferentially under Mediterranean bioclimates (Quézel & Médail 2003) .
Around the Mediterranean Basin, changes in land-use and different forms of forest utilization over several millennia have shaped diverse landscape mosaics with different and often impacting consequences on biodiversity (Thirgood 1981 , Blondel & Aronson 1995 , Blondel 2006 . Forest distribution in Mediterranean landscapes is characterized by diverse environmental conditions in relation to climate, soils, and geology, as well as frequency and intensity of disturbance, both natural and anthropogenic. In the last decades, rapidly changing environmental conditions coupled with even more rapid changes in socio-economic conditions, especially in rural and mountain areas, are posing new challenges for the conservation of forest habitats (Linares et al. 2009 , DeSoto et al. 2010 . Thus, an accurate knowledge base of ecological and anthropogenic drivers affecting the vegetation distribution is necessary for forest planning and for designing vegetation models (Tappeiner et al. 1998 , Hoersch et al. 2002 , Li et al. 2012 ). This knowledge is particularly important in highly sensitive areas such as in mountain territories, and especially within the Natura 2000 network, where habitat and species conservation is a mandatory goal. Laricio pine (Pinus nigra J.F. Arn. ssp. laricio (Poiret) Maire), a sub-specific entity of the collective species Pinus nigra, includes 2 varieties: Corsican pine (var. Corsicana) and Calabrian pine (var. Calabrica -Debazac 1965) . Corsican pine is the dominant species between 1000 and 1800 m a.s.l. on the mountains of Corsica, where it covers approximately 45000 ha, of which 21000 ha are pure Corsican pine stands (LIFE 2005) .
Calabrian pine is endemic to southern Italy with a natural range extending from Calabria to Sicily. Calabrian pine forests (Cod. Eunis, G3.55, Calabrian Pinus laricio forest; Cod. CORINE Biotopes, 42.65, Calabrian laricio pine forests) are a priority habitat according to the Natura 2000 Directive (Cod. 9530* (Sub)-Mediterranean pine forests with endemic black pines -EC 2007, Zaghi 2008) .
During the last ice age (the Würm period in the Alps) Calabrian pine covered vast areas of the Apennines. In the Boreal period, Calabrian pine expansion slowed down due to competition with silver fir (Abies alba Mill.) and beech (Fagus sylvatica L.) at higher altitudes, and with oaks at lower altitudes (Barbéro et al. 2000) , restricting pine distribution to the less favorable site conditions (Tongiorgi 1938) . At the end of this period, Calabrian pine started to expand again into areas where human activities (primarily forest clearing and fire) destroyed the forest cover and caused extensive soil degradation. A pedostratigraphic study by showed that periods of reduced soil erosion alternated with periods of intense erosion that coincided with intensive agriculture and grazing, which occurred in the 12 th to 13 th centuries, then again in the 15 th to 16 th centuries, and finally after the 18 th century (Fig.  1) .
Today, Calabrian pine grows in Sicily in fragmented areas on the slopes of Mount Etna between 1000 and 2000 m a.s.l., covering approximately 3000 ha (Poli Marchese 1982 , Barreca et al. 2009 ). In Calabria it grows on the Sila and Aspromonte mountains, covering approximately 114 000 ha, of which more than 50% are pure stands of both natural and artificial origin. The latter originated from extensive reforestation projects (Iovino & Menguzzato 2002a , 2002b .
The largest area covered by Calabrian pine is in the Sila mountain range, where this species characterizes the forest landscape. Together with soil conservation and watershed protection, Calabrian pine has an important role in the local forest economy. In public properties (townships and State forests), management of Calabrian pine has usually been based on various types of clear felling (strip or patch), whereas on private properties, pine stands have generally been managed according to traditional and locally developed forms of selection cutting, which have contributed to the maintenance of pure pine stands with complex structures (Ciancio et al. 2006 ). More recently, in State forests within the Sila National Park, management has been limited to felling only dead or dying trees. In these forests, and in other areas where for various reasons active management of Calabrian pine stands has stopped, broadleaved trees are spreading under the older pine trees (Iovino & Menguzzato 1996) . Thus, the primary environmental factors determining the occurrence and competitiveness of Calabrian pine are strongly influenced by anthropogenic activity.
In order to understand the ecological and anthropogenic factors driving Calabrian pine distribution in the Sila mountain range, we address 4 objectives: (1) to analyze presentday Calabrian pine distribution; (2) to determine forest cover changes in the period 1935-2006; (3) to characterize climate and soil conditions where Calabrian pine grows; and (4) to identify the most significant variables that have led to species' persistence, expansion or transition in the last 70 years. We outline the potential dynamics of Calabrian pine forests for the near future in relation to changes in ecological and anthropogenic drivers. Our aim is to provide a tool for the decision-making process in forest planning, specifically where conservation of pine habitat is the main management objective.
Material and methods

Study area
The Sila mountain range (16° 20′ 9.5″ -16°4 5′ 44.4″ E, 39° 00′ 30.9″ -39° 33′ 45.4″ N) covers an area of approximately 1302 km 2 (Fig. 2) , and is conventionally divided into 3 geographic zones named, from north to south, Sila Greca, Sila Grande, and Sila Piccola, respectively. The Sila Greca lies in the northern part of the mountain range, and is characterized by very steep slopes and altitudes ranging between 900 and 1650 m a.s.l. In the past, Calabrian pine was planted mostly at elevations higher than 900 m a.s.l. The Sila Grande is a vast area extending from 1100 up to 1928 m a.s.l. on Mount Botte Donato. The Sila Piccola is located in the southern part of the mountain range at altitudes between 1200 and 1765 m a.s.l. and incorporates Mount Gariglione. The Sila mountain range is characterized by wide, almost flat or slightly sloping areas, modeled in a Paleozoic substratum of igneous-metamorphic rock or in a Miocenic deposit during the Pliocene (Dramis et al. 1990 , Sorriso-Valvo 1993 , Matano & Di Nocera 1999 , Molin et al. 2004 .
Dataset
Present-day forest cover was obtained from Corine Land Cover 2000 map (CLC 2000) . We used the fourth thematic level for maps of Italy at a nominal scale of 1:100,000, which consist of 23 forest classes (Bonora et al. 2011) . A forest map produced by the National Forest Service in 1935 at a scale of 1:100,000 (Milizia Nazionale Forestale 1932) was used for land cover change analysis.
To identify the main drivers of change in land cover, we analyzed elevation, aspect, slope, climate, and soil type. Elevation data were extracted from a digital terrain model (DTM) available for Italy with a pixel size of 250 m (Blasi et al. 2007 ). Aspect and slope were computed from the DTM. The climate was analyzed using monthly temperature and precipitation maps with a 250 m pixel size. Monthly data were elaborated at the national scale by using locally calibrated regressions from a database of 403 weather stations distributed across Italy with a 30-year time series (Blasi et al. 2007) . A bioclimate map for the study area was generated from monthly data (Rivas Martinez 1995) . We used the historical dataset of monthly and yearly precipitations from 19 weather stations distributed across the study area to provide additional information on climate conditions (MLP 1950) . Because temperature was only recorded on 5 of these weather stations, it was estimated for the remaining stations by a local regression equation between elevation and temperature (Ciancio 1971) . For each station, we derived climatic diagrams and the following bioclimatic indexes: thermicity index, continentality index, ombrothermic index, and compensated index (Rivas Martinez 1995) .
Soil types according to the USDA soil classification system (Soil Survey Staff 1999) were extracted from a soil map (1:250,000) produced by the Calabrian Regional Agency for Development and Services in Agriculture (ARSSA 2003) . Ancillary soil information from local studies was also used to interpret soil data , Lulli & Vecchio 1996 , Scarciglia et al. 2005 .
Forest distribution and analysis of landcover change
Shape and classification of forest polygons extracted from the CLC 2000 map were verified by visual interpretation of digital orthophotos acquired in 2006. We discriminated between pure and mixed forests using 75% of total crown cover as the threshold and the minimum Corine Land Cover (CLC) mapping unit. After this procedure, no forest changes were detected in the study area between 2000 and 2006. We then reclassified the CLC into 9 forest classes: Calabrian pine forest (both plantations and natural stands); mixed Calabrian pine-beech forest (pure natural pine stands alternating with beech on small areas); beech forest with sparse Calabrian pine (beech forest with different sized and shaped pine groups); beech forest; mixed fir-beech forest; chestnut forest; other coniferous forest; other broadleaved forest; and non-forest. In this way, we produced a forest map for the Sila mountain range updated to 2006.
The present-day distribution of forest classes was compared with the forest distribution reported in 1935 by the National Forest Service. A cross-tabulation analysis was used to detect land cover changes (Chirici et al. 2006 ). We applied a map generalization procedure to reduce the geometric and thematic discrepancies between the historical and the present-day forest maps (Petit & Lambin 2001 , Pelorosso et al. 2009 ). First, a thematic generalization was applied to each forest map by merging the initial forest classes into 7 classes: Calabrian pine forest; mixed fir-beech forest; beech forest; chestnut forest; other coniferous forest; other broadleaved forest; and non-forest. Then we performed successive spatial aggregations from 50 m up to 400 m using a majorityrule aggregation procedure to identify the best pixel size for change analysis following the method of Petit & Lambin (2001) . After this procedure, a pixel size of 250 m was used for cross-tabulation analysis.
Relationship between forest classes and ecological factors
Preliminary analysis
Geographical information system tools (overlay and summary) were used to produce graphs and scatter-plots for a visual interpretation of the ranges of ecological variables. Analyses were carried out for every ecological factor with all forest classes. Graphs were created to interpret the relationships between single ecological variables and forest classes. Scatter-plots were used to analyze the bi-dimensional relationships between elevation and aspect.
Factors driving Calabrian pine distribution
To identify the explanatory variables affecting Calabrian pine distribution we used a binary logistic regression analysis. This type of statistical model is used to describe the relationship between a binary (presence-absence or 1-0) dependent variable (i.e., land cover change vs. no land cover change), and a set of continuous or categorical independent, or explanatory, variables (Kleinbaum & Klein 2002) . For instance, Poljanec et al. (2010) Schweizer & Matlack (2014) used logistic regressions to study socio-economic factors and environmental variables driving land cover changes. In addition, several authors (Badia et al. 2011 , Arndt et al. 2013 , Botequim et al. 2013 ) used logistic regressions to identify the most important biophysical and human variables explaining the spatial occurrence of fire ignitions.
In our case, 3 logistic regressions were performed after analysis of land-use change to identify the most important explanatory variables for Calabrian pine persistence, expan- The vector data format was transformed into a raster data format using a pixel size of 250 m. Then we established a systematic, 1-km sampling network over the study area, and obtained a 916-pixel sample, which reduced the effect of spatial autocorrelation in the spatial distribution of observation points (Linkie et al. 2004 , Mon et al. 2012 , Schweizer & Matlack 2014 . Only the pixels that were candidates for the type of event (persistence, expansion, or transition) were selected for the regression analysis. Specifically, in the pine-persistence model only pixels that were Calabrian pine stands in 1935 and 2006 were selected; in the pine-expansion model only pixels that were non-pine stands in 1935 and pine stands in 2006 were considered; and in the pine-transition model only pixels that were pine stands in 1935 and non-pine stands in 2006 were used. Thus, there were n = 182, n = 154, and n = 128 candidate pixels for the persistence model, the expansion model, and the transition model, respectively. A binary dependent variable was created for each model, with value 1 for candidate pixels representing the type of change under examination, and 0 for an equal number of randomly selected non-candidate pixels. The attributes of the independent variables for each candidate and non-candidate pixels were extracted by spatial analysis tools and exported to SPSS® v. 20 for statistical analysis.
High collinearity between the independent variables was verified by the variance inflation factor (VIF), and the tolerance was verified using linear regression (Mon et al. 2012) . High collinearity occurs when tolerance is less than 0.2, or VIF is greater than 4 (Eeckhaut et al. 2006). High collinearity was not detected in our study.
The independent variables were included in a logistic regression using the forward stepwise algorithm (entry 0.50, removal 0.10), based on the maximum likelihood criterion used to reduce the number of independent variables to the most explicative (Badia et al. 2011 , Monzón-Alvarado et al. 2012 , Arndt et al. 2013 . We examined Wald's statistics to identify the relative importance of the contributions of explanatory variables (Mon et al. 2012 , Arndt et al. 2013 . The odds ratios of significant parameters (p<0.05) were used to facilitate model interpretation (Mertens & Lambin 2000 , Serneels & Lambin 2001 . Odds ratios > 1 (or < 1) indicate an increased (or a decreased) likelihood of occurrence of the event (Mon et al. 2012 , Arndt et al. 2013 . The goodness-of-fit was tested using the Hosmer-Lemeshow test (Poljanec et al. 2010 , Botequim et al. 2013 . If the goodness-of-fit test statistic was > 0.05, we considered that there was no difference between the observed and the predicted values, indicating that the model's estimates fit the data to an acceptable level (Hair et al. 2006) .
Results
Forest distribution
The distribution of forest classes in the Sila mountain range are presented in Fig. 3a . At present, Calabrian pine forests (both plantations and natural stands) were found to cover 28% of the studied area, while 10% was covered by beech forests with sparse Calabrian pine (Tab. 2). Most Calabrian pine forests grew in the Sila Grande (37% of forest area); the remaining pine forests were almost equally distributed between the Sila Greca (55% of forest area) and the Sila Piccola (27% -Fig. 4) .
Pine plantations and natural pine forests were not distinguished from each other in our study. Nevertheless, field observations and literature data show that natural pine forests grow between 800-1000 m a.s.l., and 1500-1600 m a.s.l., while plantations were located between 900 and 1200-1300 m a.s.l., as a consequence of the reforestation activities carried out from 1950 to 1970 (Iovino & Menguzzato 2002a) .
Mixed Calabrian pine-beech forests and beech forests with sparse Calabrian pine were spatially adjacent to pure pine forests. These 2 forest classes reflect different beech forest dynamic stages: the former occurred where beech was partially replaced by pine due to intensive cuts in the past; the latter intermingled with pure beech forests especially in the southern, western, and central areas of the Sila mountain range. In the Sila Greca and the Sila Grande, beech forests with sparse Calabrian pine covered 6% and 13% of forest area, respectively; the area covered by this forest class in the Sila mountain range was equal to 13% of the total forest area (Tab. 2). Pure beech forests prevailed in the southern area and in the western and central areas from 1400-1500 m a.s.l. up to the mountain top (Fig. 4) . In the Sila Grande and the Sila Piccola, beech forests covered 20% and 33% of the forest area, respectively; the area covered by beech in the Sila mountain range was equal to 21% of the total forest area (Tab. 2).
The most important area for spontaneous fir vegetation was in the Sila Piccola (Tab. 2), where mixed fir-beech forests spread over 1100 ha (4% of forest area in the Sila Piccola), at elevation ranging from 1200 and 1600 m a.s.l. (Fig. 4) .
Land cover changes
At present, the area covered by Calabrian pine forests and mixed Calabrian pine-beech forests is equal to 36 100 ha and 20 221 ha, respectively (Tab. 2). In 1935, the total area covered by pine was 40 888 ha. Overall, pine forest area has increased 38% between 1935 and 2006. The cross-tabulation analysis (Tab. 3) shows that most of these new pine forests (approx. 65%) occurred in the previously non-forested class because of reforestation projects after World War II (Iovino & Menguzzato 2002b) . However, pine forests have also replaced other forest classes (approx. 35%), especially beech, chestnut, and other broadleaved forests. It is also worth noting that 46% of the current pine forest area was present in 1935, indicating the persistence of this forest class in the Sila mountain range (Fig. 5) . Additionally, cross-tabulation analysis showed that during 1935 to 2006, parts of pine forests changed to other classes: about 46% changed into beech forest, 6% into other forest classes, and 46% were transformed into other land uses.
Climate
Calabrian pine forests grew in an oceanic Mediterranean bioclimate from the lower limit (800 to 900 m a.s.l.) up to 1200 m a.s.l., and in a temperate oceanic bioclimate at higher elevations. Thermotype and ombrotype for 19 weather stations in the Sila mountain range are reported in Tab. 4.
The average yearly precipitation exceeded 1000 mm with an increasing trend from the northern and eastern areas to the southern area of the Sila mountain range. The maximum precipitation was 1631 mm. The mean Fig. 4 -Distribution of the most important forest classes (for each class, the area is a percentage of total forest class area) into geographical zones, elevation, bioclimate, and soil (see Tab. 1 for soil type description). monthly precipitation between October and April exceeded 100 mm; most precipitation (>70-75%) occurred between autumn and spring (Fig. 6 ). Snow stayed on the ground for 6 months at elevations > 1400 to 1600 m a.s.l., especially in cool aspects (MLP 1950) .
Tab. 2 -Forest classes in the Sila mountain range.
Forest class
The mean temperature ranged between 12.8 and 8.6 °C. The mean temperature at the lower (900 m a.s.l.) and higher limits (1650 m a.s.l.) of pine growth were 11.9 and 6.5 °C, respectively. The mean monthly temperature between January and March varied between -2.6 and 0 °C, while the mean monthly temperature in July and August ranged from 16 to 18 °C. Between November and April, the daily temperature reached a minimum value of -10 °C, while in summer reached a maximum of 30 to 32°C.
Soil
Pine forests grew on different soils (Fig.  3b) depending on parent material, slope, and human impact. In the northern and eastern zones, pine forests were found on steep slopes on soils from altered granitic rocks of the following soil types (USDA soil classification system): Humic Psammentic Dystrudept, Humic Dystrudept and Rock outcrop (HPD_HD_RO). The HPD were thin soils with an A-Cr profile, a scarce skeleton with a coarse texture, acidic, a low water reserve, and fast drainage. The HD_RO were moderately deep soils with an Oi-A-Bw-Cr profile, a skeleton varying from scarce to common with moderately coarse texture, acidic, a high water reserve, and good drainage (ARSSA 2003) . These soil types were also present in some areas of the northern and eastern zones.
In the central zone, Calabrian pine was found on soils originated on moderate slopes from altered granitic rocks of the following soil type: Humic Psammentic Dystrudept, Humic Dystrudept, and Typic Dystrudept (HPD_HD_TD). The 2 most common profiles were: (i) Oi-A-Bw-Cr, moderately deep with a skeleton varying from scarce to common; and (ii) Oi-A-Bw-BC-Cr, moderately deep with a common skeleton, a medium coarse texture, acidic, a moderate water reserve, and good drainage (ARSSA 2003).
In the southern zone, Calabrian pine grew on slight slopes on soils originated from metamorphic rocks: Typic Dystrudept and Humic Dystrudept (TD_HD); and Humic Lithic Dystrudept, Humic Dystrudept, and Rock outcrop (HLD_HD_RO). In the TD_HD soils, the most common profiles were: (i) A-Bw-C, moderately deep, with frequent skeleton, high stoniness, medium texture, acid to sub-acid, moderate water reserve, and good drainage; (ii) Oi-A-Bw-BC, moderately deep, with common skeleton, medium texture, acidic, water reserve from moderate to high, and good drainage. The HLD_HD_RO had very thin soils with an A-R profile, frequent skeleton, coarse texture, acidic, very low water reserve, and fast drainage (ARSSA 2003) .
Correlation between forest classes and ecological variables
The relationships between each ecological variable (geographic zones, elevation classes, bioclimate, and soil types) and forest classes are shown in Fig. 4 . Scatter-plots reported in Fig. 7 depict the relationships between elevation and aspect: above 1600 m a.s.l., Calabrian pine forests were located mainly on warm aspects, whereas below 800 m a.s.l., mixed Calabrian pine-beech forests and beech forests with sparse Calabrian pine were present mainly in cool aspects at all elevations. Mixed fir-beech forests were present only in cool aspects.
The logistic regression analysis shows that among the 5 independent variables describing the study area, bioclimate, elevation, and soil type were the variables best explaining the persistence of Calabrian pine. The Hosmer-Lemeshow test revealed that the model accounted for significant portion of variance for the pine persistence in 1935 -2006 . All explanatory variables were significant (p<0.05) except the soil type HPD_HD_TD, with an odds ratio < 1, indicating that the probability of persistence of pine decreased from the oceanic Mediterranean bioclimate to higher elevations, in soil types HD_HPD, HD_TD, TD_HD, and HLD_HD_RO. Based on the Wald's values, the most important factor for the probability of pine-persistence was elevation, followed by bioclimate and soil type HLD_HD_RO. For Calabrian pine expansion, the logistic regression indicates that the most important predictors were elevation and soil type. The Hosmer-Lemeshow test shows that the model fit was acceptable (Tab. 6). All explanatory variables were significant (p<0.05). An odds ratio < 1 for elevation indicates that the greater the altitude the less probability of expansion of pine; and an odds ratio > 1 for soil type indicates that the likelihood of expansion increased in the soils HD_HPD, HD_TD, TD_HD, HPD_HD_TD, and HLD_HD_RO. Based on Wald's statistics, the most important factor for the likelihood of expansion was elevation, followed by soil type TD_HD.
For Calabrian pine transition, only elevation (p<0.05) was included in the model with an odds ratio > 1, i.e., the probability of transition increased with altitude. However, in this case the Hosmer-Lemeshow test indicates that the model did not fit the data adequately (Tab. 7).
Discussion and conclusions
Despite forest changes between 1935 and 2006, Calabrian pine covers today extensive areas in the Sila mountain range. Our results show that the most important ecological drivers of Calabrian pine distribution are elevation, soil type and bioclimate. The probability of pine-persistence during the period 1935-2006 is significantly correlated with all of these explanatory variables. As shown in Fig. 8 , pine-persistence prevails below 1400 m a.s.l., in a temperate oceanic bioclimate on thin and very eroded soils with low waterholding capacity (HPD_HD_RO), or on moderately deep soils with high water content and good drainage (HPD_HD_TD). Above 1600 m a.s.l., depending on aspect and climatic restrictions Calabrian pine is rare (Fig. 7) .
The likelihood of pine-expansion is significantly correlated with elevation and soil type. In the last 70 years, pine-expansion occurred especially below 1400 m a.s.l., on thin and very eroded soils with low water-holding capacity (HLD_HD_RO), and on moderately deep soils with good drainage, and waterholding capacity from moderate (TD_HD) to high (HPD_HD_TD - Fig. 8 ). Below 1400 m a.s.l., reforestation has been the main cause of Calabrian pine expansion (Iovino & Menguzzato 2002a , 2002b .
Pine transition seems related to elevation, though our model prediction for transition did not adequately fit the data. Nonetheless, our results shows that transition prevails above 1200 m a.s.l. in moderately deep soils with high water content (HPD_HD_TD).
In the Sila mountain range there is historical evidence that intense soil erosion following forest destruction for agriculture and grazing started between the first and second millennium BC, with the Bruzi occupation . Thus, Calabrian pine spreading, which was initiated in that period, can be associated to human-induced soil degradation. The presence of pine stands in many beech dominated forests, and the pre- Beech forests with sparse Calabrian pine and pure pine forests can be considered as a simplified form of the mixed forest due to human impact: indeed, where human pressure was stronger (large clear cuts in beech forests and repeated fires) pine replaced beech, and then pine was favored by the silvicultural systems used to manage pine forests (such as clear felling). Based on our results, 4 potential dynamics can be outlined for Calabrian pine forests in the Sila mountain range. These dynamics are driven by ecological (elevation, bioclimate, and soil) and anthropogenic factors.
Below 1200 m a.s.l., in an oceanic Mediterranean bioclimate: (A) In thin and very eroded soils, with coarse texture, fast drainage, low cation-exchange capacity, and low water-holding capacity (HPD_HD_RO), pure Calabrian pine forests grow at the lower limit of their distribution. Under these conditions, Calabrian pine is expected to dominate also in the future following both management or disturbance factors such as fire (Fig. 9a ). (B) In moderately deep soils with a scarce to common skeleton, moderately coarse texture, acid pH, high water content, and good drainage (HPD_HD_TD), pure Calabrian pine forests may be maintained by forest management methods such as clear felling or the small group selection method described by Ciancio et al. (2006) . Absence of management will favor instead the evolution towards pure or mixed broadleaved forests dominated by oaks. However, disturbances like wildfire might affect this forest dynamic, favoring natural pine regeneration and thus perpetuating the pine forest (Fig. 9b) . Above 1200 m a.s.l., in a temperate oceanic bioclimate: (C) In thin and very eroded soils, with coarse texture, fast drainage, low cation-exchange capacity, and low water-holding capacity (HLD_HD_RO), pure and natural Calabrian pine forests curently prevail (Fig.  10a) , and will probably be prevailing also in the future following either management or fire occurrence (Fig. 9c ). (D) In moderately deep soils with common skeleton and a superficial stoniness, medium texture, acid to sub-acid pH, moderate water-holding capacity and good drainage (TD_HD), pure Calabrian pine forests can be maintained by appropriate forest management methods (Ciancio et al. 2006) , or by disturbance factors such as fire. Absence of management will instead favor the evolution towards beech dominated forests or mixed fir-beech forests (Fig. 9d) .
Forest dynamics corresponding to (A) and (B) are expected for pine forests growing both in the northern and eastern sectors of the Sila mountain range (Fig. 11) . In these sectors, extensive reforestation with pines was carried out in the past, while pine rege- -Potential Calabrian pine forest dynamics according to ecological (bioclimate, elevation, and soil), and anthropogenic (forest fire and forest management) drivers in the Sila mountain range: (a) pure Calabrian pine forest naturally originated: (b) Calabrian pine forest that might evolve into pure or mixed broadleaved forest dominated by oaks; (c) Calabrian pine plantations; and (d) Calabrian pine forest naturally originated that can be either maintained or transformed in beech dominated forest or in mixed fir-beech forest, according to forest management methods (see Tab. 1 for soil type description). neration was favored by repeated fires. Forest dynamics corresponding to (C) and (D) prevail in the southern and western sectors of the Sila mountain range (Fig. 11) , where pine forests are strongly influenced by management, or conversely by its absence. However, the tendency to evolve towards beech-dominated stands is very strong. Indeed, beech regeneration is quickly replacing pine where pine forests have not been managed in the last 40 to 50 years (Fig. 10b) . In such cases, appropriate silvicultural systems must be used to favor pine regeneration for conservation purposes.
In conclusion, identifying potential Calabrian pine dynamics on the basis of ecological and anthropogenic factors can help forest managers define priorities for forest planning, such as landscape and habitat conservation, and management goals for pine plantations in a forest-priority habitat of community importance. Furthermore, our results may help understanding the possible response and adaptation potential of Calabrian pine to changes both in management and in environmental factors, such as expected climate change. 
